Summary.-Thirty-two scirrhous cancers of breast have been examined to determine the origin of the collagen stroma in these tumours. Employing two immunohistochemical techniques it has been shown that the malignant epithelial cells in 30 of these tumours contain not only collagen but also prolyl hydroxylase, a key enzyme in collagen biosynthesis. Neither this enzyme nor collagen was detectable in the spindle cells in the stroma of these tumours. Neither the epithelium in normal breast, that in fibrocystic disease and in fibroadenomata, nor the malignant epithelium in two medullary cancers of breast contained either collagen or prolyl hydroxylase. These results strongly suggest that the malignant epithelium of scirrhous breast cancers produces its own collagen stroma and that the scirrhous reaction in these tumours is not a host response to tumour invasion. The production of collagen and prolyl hydroxylase by breast cancer cells (of the scirrhous type) therefore represents another example of inappropriate protein production by a human tumour.
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MANY human tumours produce peptides or proteins unexpected from their tissue of origin. Among these inappropriate tumour products are hormones, e.g. ACTH, ADH, parathormone (Azzopardi, Freeman and Poole, 1970) , foetal antigens, e.g. CEA and a-foetoprotein (Laurence and Neville, 1972) and enzymes, e.g. alkaline phosphatase (Stolbach, Krant and Fishman, 1969) , all of which have been detected in the tumour and blood of patients with a variety of neoplasms. Some tumours also produce inappropriate proteins which are not secreted into the blood but are found only in the tumour itself (Yachi et al., 1968) .
The collagenous stroma of tumours is usually ascribed to the activity of fibroblasts in the invaded host tissue (Willis, 1952) . In scirrhous cancers of breast, however, the spindle cells (presumptive fibroblasts) populating the stroma are inconspicuous (Douglas and Shivas, 1974) . In view of the latter observation and the fact that cancer cells may produce products unexpected of their tissue of origin, it appeared possible that the malignant epithelium of scirrhous breast cancers may be capable of collagen production.
In this paper the capacity of normal, non-neoplastic and neoplastic breast epithelium to synthesize collagen was identified by two immunoperoxidase procedures using antibodies to collagen itself and to prolyl hydroxylase, an enzyme which plays a key role in collagen biosynthesis. This enzyme is responsible for the production of hydroxyproline, one of the imino acids found almost exclusively in collagen.
MATERIALS AND METHODS
The preparation of monospecific goat antibody to rat prolyl hydroxylase, anti-PH (McGee, Langness and Udenfriend, 1971; Roberts, McGee and Udenfriend, 1973) and rabbit antibody to neutral salt-soluble rat collagen, anti-Coll (Kirrane and Robertson, 1968) , have been described earlier. The cross reactivity of anti-PH with human enzyme has been established elsewhere (Roberts et al., 1973) , that of anti-Coll with the human protein is demonstrated in this paper. Anti-goat IgG and anti-rabbit IgG fractions were prepared by ammonium sulphate precipitation from the corresponding antisera supplied by Cappel Laboratories (Downington, Pennsylvania). These IgG fractions were conjugated with horseradish peroxidase (Sigma Type VI) as described by Nakane and Pierce (1967) with slight modification (Al-Adnani, Patrick and McGee, 1974) . Anti-peroxidase was produced in rabbits as described by Mason et al. (1969) .
The immunohistochemical procedure.-Breasts containing benign or malignant tumours and the adjacent normal tissue distant from the tumours were examined by an indirect immunoperoxidase procedure to determine which cells in these different types of mammary tissue contain collagen and prolyl hydroxylase.
Blocks (3-4 mm thick) were taken from each breast specimen, sent for frozen section diagnosis and rapidly frozen on to microtome chucks in a solid C02 alcohol mixture. Sections were cut at 10 ,um in a cryostat at -20°C and then immediately transferred to a vessel containing 4% paraformaldehyde buffered at pH 7-4 with 0-01 mol/l phosphate containing 0*15 mol/l NaCl (PBS), and fixed for 15-30 min at room temperature. The sections were thoroughly washed with at least 3 changes of PBS, each lasting 10 min. The slides were mopped dry and treated with anti-PH (diluted 1: 3) or antiColl (diluted 1: 5) at room temperature for 60 min. The sections were again thoroughly washed in PBS and treated with the appropriate IgG peroxidase conjugate for 60 min at room temperature. After a further wash in PBS the histochemical reaction for peroxidase detection was carried out by incubating the sections in Graham and Karnovsky's (1966) medium containing 50 mg of 3,3'diaminobenzidine (Sigma, London) and 0-01% hydrogen peroxide in 100 ml of 0 05 mol/l Tris buffer (pH 7.6) for 15-20 min. The sections were subsequently washed in Tris buffer, treated with 0.5% osmium tetroxide for 15 min, dehydrated in alcohol, cleared in xylene, mounted and the sections viewed in the light microscope. More recently, tumours have been studied with both antibodies in similar fashion using the immunoglobulin-enzymebridge method of Mason et al. (1969) . This latter technique gives more strongly positive results with lower background staining.
Where available, normal breast lobular tissue was taken from mastectomy specimens (bearing tumours) and treated as above. As controls, sections were treated with normal rabbit or normal goat serum or anti-Coll antibody absorbed with pure rat neutral salt-soluble collagen. For collagen detection one further control was used, i.e. the fixed sections were first treated with a collagenase (Sigma), repurified in this laboratory (Peterkofksy and Diegelmann, 1971) for 30 min at 37°C before processing through the immunohistochemical procedure. Each tissue was also checked for endogenous peroxidase activity by simply incubating sections in the benzidine, H202 reagent described above.
RESULTS
A positive immunohistochemical reaction using the indirect peroxidase labelled antibody technique or the immunoglobulin-enzyme-bridge technique is identified by a black or brown reaction product.
After treatment with anti-Coll serum, normal mammary tissue, benign tumours and fibrocystic disease show staining of the periductal and lobular collagen stroma and little staining of the mammary epithelium (Fig. 1) . The little epithelial staining in Fig. 1 (Fig. 2) . Normal breast tissue, benign tumours and fibrocystic disease treated with anti-PH antibody produce similar results to that shown in Fig. 1 , except that there is no staining of extracellular collagen (Fig. 3) .
In Fig. 4 and 6 are specific and are not found when sections are treated with the appropriate normal serum, when the anti-Coll antibody is first absorbed with rat skin collagen (Fig. 5) for by endogenous peroxidase activity of malignant mammary epithelium. These control experiments establish the specificity of the results illustrated here; that is, cancer cells in scirrhous tumours of breast contain not only a collagen-like protein but also one of the specific enzymes involved in collagen biosynthesis, viz. prolyl hydroxylase. Neither antibody reacted with the epithelium of 4 normal breasts or the epithelium in fibrocystic disease (9 cases) or fibroadenomata (7 cases). Of more interest, no reaction was observed with the malignant epithelium of 2 medullary cancers of breast which do not have a dense collagenous stroma.
A methodological point worth making is that if sections are stored for prolonged periods in PBS (after fixation), or the biopsy is not frozen promptly, diffusion of intracellular collagen protein and prolyl hydroxylase occurs such that both proteins may be observed not only in the cytoplasm (Fig. 4, 6 ) but also in the nucleus of the malignant epithelium of scirrhous tumours (Fig. 7) .
DISCUSSION
The data presented here demonstrate that the malignant epithelial cells of scirrhous breast tumours contain a collagen-like antigen (probably procollagen)* and prolyl hydroxylase an enzyme peculiar to collagen biosynthesis. These results are prima facie evidence that the (Douglas and Shivas, 1974) . Metastases from scirrhous mammary cancers usually also have a prominent stroma (Willis, 1952) but, not infrequently, desmoplasia in secondary deposits is not as prominent as at the primary site. It has not been possible to investigate the latter observation in relation to the present results because of the current vogue for lumpectomy and simple mastectomy in the treatment of mammary cancer and the unavailability of fresh unfixed material from more distant metastatic sites (e.g. bone and liver). However, 2 of the possible explanations of the relative lack of desmoplasia in some metastases from scirrhous mammary cancers are firstly that the collagen genes are occasionally not expressed in a metastasis, or secondly that these genes are still expressed but that the level of collagenolytic activity in the metastatic site is high enough to prevent the deposition of large amounts of collagen.
The lack of staining of the spindle cells in the collagenous stroma of the scirrhous tumours examined does not entirely exclude the possibility that they may produce a little collagen; the procedures used here may lack the necessary sensitivity for detection of collagen producing cells which are operating a low biosynthetic rate.
The present results, together with those of others, also challenge the pivotal role of the fibroblast in the production of collagen. There is now considerable evidence that all cell lines in tissue culture, with the possible exception of lymphomata (Goldberg and Green, 1969) , produce collagen and contain prolyl hydroxylase (Langness and Udenfriend, 1974) while in vivo there is evidence that aortic smooth muscle cells produce collagen (Ross and Glomset, 1973) . In addition, it has been shown that normal corneal epithelium produces interstitial and basement membrane collagen (Trelstad, Hayashi and Toole, 1974) and that other epithelia produce basement membrane collagen (Pierce, 1970 
